This study aimed to examine penetration of the blind in a randomized, placebocontrolled trial. Neurologists' ratings of improvement and medication side-effects, participants' ratings of improvement and daily diary recordings of headaches were assessed along with participants' and neurologists' guesses about treatment group placement in participants who completed at least 3 months of treatment (N = 169). Despite blinding, treating neurologists successfully identified the medication condition for 82% of participants receiving medication only; trial participants accurately identified their medication condition when receiving active medication (77% of participants), but not when receiving placebo. Concurrent stress-management therapy reduced, but did not eliminate penetration of the blind. Irrespective of drug condition, when participants were improved they were judged to be on active medication and when unimproved they were judged to be on placebo. However, neurologists' ratings of improvement, participants' reports of improvement and daily headache recordings yielded equivalent outcomes. Penetration of the blind needs to be assessed, not assumed in clinical trials in headache. However, penetration of the blind did not produce a prodrug bias as has been asserted by critics. Better methods of assessing and quantifying blindness are needed. ᮀBias, clinical trial, double blind, headache, methodology
Introduction
The double blind methodology in clinical trials aims to reduce bias from the expectations of study staff and participants (1) . Penetration of the blind may lead trial participants or treating physicians to expect improvement for participants accurately perceived to be on active medication and to expect a lack of improvement for participants accurately perceived to be on placebo. Expectations then may influence actual improvement, participant reports of improvement, or assessors' ratings, thereby biasing trial results (2) (3) (4) (5) .
Blindness may be penetrated in at least two ways. The presence or absence of side-effects may provide clues as to a participant's treatment condition. In fact, detailed specification of expected side-effects in contemporary informed consent materials may increase the likelihood participants are able to use side-effects as a cue to penetrate the blind (6) . If sideeffects lead participants and treating physicians or evaluators to penetrate the blind early in treatment, the trial may effectively be unblinded (7) (8) (9) (10) (11) (12) . Trial participants and clinicians may also correctly identify study medication as an active drug if improvement occurs and as placebo if there is no improvement (8, 13) . If improvement leads participants or clinicians to penetrate the blind, the treatment effect has occurred prior to penetration of the blind and bias is unlikely (14) .
Few studies report tests of whether double-blind procedures actually maintain blindness (15) . Where the integrity of the blind has been assessed, however, trial participants and treating physicians or evaluators are often found to identify participants' treatment condition correctly at rates greater than chance (7, 8, 10, 13, (16) (17) (18) (19) (20) (21) (22) (23) . These observations have led some investigators to assert that trials in psychiatry, where these findings have been obtained, have a prodrug bias (23) (24) (25) (26) (27) (28) (29) . In particular, it is asserted that evaluations by unblinded prodrug clinicians are biased, while no placebo response occurs in unblinded trial participants receiving placebo, so estimates of drug effects are inflated. However, only limited information is available about the causes and consequences of this penetration of the blind. In particular, it has yet to be demonstrated that trials where the blind has been penetrated necessarily have a prodrug bias (14, 18, 30) .
To our knowledge, no trial evaluating treatments for headache has examined the integrity of the double blind. We examined penetration of the blind by both study neurologists and trial participants in a double-blind trial of tricyclic antidepressant medication and cognitive-behavioural stress-management therapy for chronic tension-type headache (31) . We also examined factors that might lead to penetration of the blind, in particular, relationships between both headache improvement and side-effects and penetration of the blind. In addition, we attempted to determine if penetration of the blind biased treating neurologists' and trial participants' ratings of improvement. Finally, we asked if penetration of the blind was less likely when trial participants received concurrent stress management therapy for headaches than when trial participants received drug therapy alone. We reasoned that where either stress management or drug treatment might produce improvements in headaches and altered bodily sensations, these cues would provide an unreliable indication of a trial participants' drug condition.
Methods

Treatment of chronic tension-type headache trial design
The Ohio University Institutional Review Board granted approval for this trial. All participants provided written informed consent. The trial compared four treatments for chronic tension-type headache in a randomized (N = 203) parallel group design: tricyclic antidepressant medication (AM), placebo (PL), placebo plus stress-management therapy (PL + SMT) and antidepressant medication plus stress-management therapy (AM + SMT). The trial included a 1-month baseline assessment phase, a 2month treatment/dose adjustment phase, in which the antidepressant medication dose was adjusted and stress-management therapy was administered, and 3-and 8-month evaluations. Data reported here were collected through the 3-month evaluation where blindness was assessed.
Participants
Inclusion criteria were age between 18 and 65 years and an International Headache Society (IHS) (32) diagnosis of chronic tension-type headache at separate evaluations by a neurologist and by a second evaluator. Exclusion criteria included: IHS diagnosis of analgesic abuse headache (32) , current use of prophylactic medication for tension-type headache; migraine headache more than 1 day per month; and pain problem (e.g. arthritis) other than headache as the primary pain problem.
Of the 203 participants who were randomized, 169 (AM = 48; PL = 38; AM + SMT = 45; PL + SMT = 38) completed the 3-month evaluation where blindness was assessed (see trial report for attrition details; (31) ). These 169 participants were primarily female (75%), white (96%), on average 38 years old, with tension headaches occurring, on average, 26 days per month with mean disease duration of 13 years.
Treatments Medication/placebo
The double-blind AM protocol attempted to maximize the efficacy and tolerability of AM by beginning medication one (amitriptyline hydrochloride, or matched placebo) at a low dose (12.5 mg amitriptyline), providing a second medication option (nortriptyline hydrochloride, or matched nortriptyline placebo) for participants who failed to tolerate medication one, dosing to the recommended dose levels for the treatment of chronic tension-type headache (75-100 mg amitriptyline, or equivalent matched placebo, or 50-75 mg nortriptyline, or equivalent matched nortriptyline placebo) or to tolerance, and incorporating an adherence intervention (33) (34) (35) . Details of the protocol including the dosing schedule, final dose levels and adherence information can be found in the original trial report (31) .
Stress management
In SMT, relaxation and cognitive coping skills were also introduced in separate counselling sessions at the three medication adjustment clinic visits; homework and participants' application of relaxation and cognitive coping skills in the management of headaches were guided by a manual with eight accompanying audiotapes (36) . Details of this treatment protocol can be found in the original trial report (31) and a treatment manual can be found in Lipchik and colleagues (37) .
Measures Headaches
Participants recorded headaches in a daily diary (31) . Headache activity was recorded four times a day using an 11-point scale with five anchors that ranged from 0, which indicated no pain, to 10, which indicated extreme pain (i.e. 'I can't do anything when I have a headache'. Diary recordings were obtained during the 1-month baseline, during the 2-month treatment/dose adjustment phase and at the 3-month evaluation. The headache index, the mean of all diary ratings (including 0s) for a 1month period, was the primary outcome measure for the trial (31) . The headache index provided a measure of overall headache activity, taking into account both severity and duration. Construct validity of daily diary measures is supported by the association of diary data with independent ratings of impairment by significant others (38) , by examination of the discriminate and convergent validity of diary measures (39) and by expert consensus evidence assessments concluding that diary measures provide the most accurate available measure of headache activity (40) (41) (42) .
The two treating neurologists did not have access to participants' daily headache diary, which was mailed directly to research staff each week. Treating neurologists conducted an independent evaluation of headache activity at each clinic visit, including the number of headache days per 30-day period and pain severity. At the 3-month evaluation as part of a computer-administered assessment, all participants also completed an assessment of headache activity including improvements in headache days and pain severity. Headache improvement ratings were obtained from the neurologist assessment and from participants' report for comparison with daily diary recordings (i.e. headache index).
Side-effects
At each clinic visit treating neurologists coded all side-effects and rated medication side-effects on the following 4-point scale: 0 = none; 1 = mild; 2 = moderate; 3 = severe.
Blindness assessment
As part of a computer-administered questionnaire at the 3-month evaluation, trial participants were asked 'What is your best guess about the preventive medication that you are taking?'. Treating neurologists also were asked 'What is your best guess about the preventive medication that this patient is taking?'. In both cases possible responses were 'Inactive medication' or 'Active medication'. Statistics χ 2 and Fisher's exact tests were used to examine differences in proportions, while t-tests for independent samples were used to evaluate differences on continuous variables (e.g. headache index).
Results
Penetration of the blind for participants receiving medication only
Neurologist judgements about the participant's medication condition (AM or PL) were unavailable for five (three AM and two PL) participants. Thus, analyses using this variable included 45 AM and 36 PL participants. Participant judgement of their own medication condition was unavailable for one (AM) participant. Thus analyses using this latter variable included 47 AM and 38 PL participants.
Neurologists correctly identified the medication condition of 82% (66/81) of participants receiving AM or PL alone, a rate that significantly exceeded chance (χ 2 = 32.11, P = 0.000). Moreover, neurologists were about equally accurate in identifying the medication condition of participants receiving AM and participants receiving PL (χ 2 = 3.68, P = 0.06), correctly identifying the medication condition of 89% (40/45) of participants in the AM group (χ 2 = 27.22, P = 0.000) and 72% (26/36) of participants in the PL group (χ 2 = 7.11, P < 0.008).
In contrast, only 60% (51/85) of participants receiving AM or PL alone correctly identified their own medication condition, about the number that would be expected by chance (χ 2 = 3.40, P = 0.07). However, participants receiving AM were significantly more accurate in identifying their treatment condition than were participants receiving PL (χ 2 = 12.07, P = 0.001): 77% (36/47) of participants receiving AM correctly identified their treatment condition (χ 2 = 13.30, P = 0.000), but only 40% (15/ 38) of participants receiving PL correctly identified their treatment condition (χ 2 = 1.68, P = 0.194).
Neurologists and trial participants showed moderate agreement on the participants' treatment condition (κ = 0.36, P < 0.000) ( Table 1 ). Table 1 compares headache improvement ratings and side-effect ratings when trial participants' treatment conditions were either correctly or incorrectly identified by neurologists and by participants.
Correlates of penetration of the blind for participants receiving medication only
Neurologists
First consider the trial participants on AM alone. Participants (correctly) identified by neurologists as receiving AM were rated as more improved than were participants (incorrectly) identified as receiving PL (P = 0.002). For participants on PL alone the reverse was true: participants (correctly) identified by neurologists as receiving PL were rated as less improved than were participants (incorrectly) identified as receiving AM (P = 0.03). Neurologists thus appear to have identified participants who they perceived to be more improved as being on AM and participants they perceived to be relatively unimproved as being on PL.
Trial participants whom the neurologists (correctly) identified as receiving PL were also rated as being free of side-effects, while participants (incorrectly) identified as receiving AM were rated, on average, as having mild side-effects (P = 0.003). However, participants on AM whom neurologists (correctly) identified as receiving AM were not rated as exhibiting significantly more side-effects than participants (incorrectly) identified as receiving PL. This suggests that neurologists relied primarily on improvement to infer participants' treatment conditions, but may also have used the absence of sideeffects to identify trial participants on PL.
Trial participants
Participants, like neurologists, were likely to judge they were on AM if they were improved and judge they were on PL if they were unimproved. Thus, participants who (correctly) identified themselves as receiving AM rated their headaches more improved than participants who (incorrectly) identified themselves as receiving PL (P = 0.002). Conversely, participants who (correctly) identified themselves as receiving PL rated their headaches less improved than did participants who (incorrectly) identified themselves as receiving AM (P = 0.000). Thus, participants appear to have inferred they were in the AM condition if they perceived their headaches to be improved and in the PL condition if their headaches did not improve. Side-effect ratings did not differentiate participants who correctly and incorrectly identified their respective medication conditions, providing no evidence that participants used the presence of side-effects to infer their treatment condition.
Concordance among outcome measures for participants receiving medication only
All three measures of headache improvement (i.e. neurologists' ratings, participants' ratings and headache index) indicated that participants who received AM only were significantly more improved than participants who received PL only (see Table 2 ). Moreover, examination of confidence intervals indicates that the AM treatment effect was similar in magnitude when calculated from neurologists' ratings, participants' ratings, or from daily diaries (headache index).
Influence of stress management therapy on the penetration of the medication blind
To examine whether the addition of SMT had any influence on penetration of the medication blind, the identical set of analyses were performed for participants who received medication plus SMT. Neurologist judgements about the participant's medication condition were unavailable for four (PL + SMT) participants. Thus, analyses using this variable included 45 AM + SMT and 34 PL + SMT participants. One participant's judgement (PL + SMT) of her own medication condition was unavailable. Thus, analyses using this latter variable included 45 AM + SMT and 37 PL + SMT participants.
Neurologists' overall accuracy in identifying the medication condition of participants receiving either AM or PL and concurrent SMT (73%; 58/79) was lower, but not significantly so, when compared with their accuracy in identifying the medication condition of participants receiving AM or PL alone (82%; 66/81). However, examining the two individual SMT conditions revealed that neurologists correctly identified the medication condition for 82% (37/45) of participants in the AM + SMT group (χ 2 = 18.69, P = 0.000), but did so for only 62% (21/34) of participants in the PL + SMT group (χ 2 = 1.88, P = 0.17), thus remaining blind in the latter condition. Thus, while neurologists penetrated the medication blind in the PL-only condition, they were unable to do so in the PL + SMT condition, suggesting that concurrent SMT may have obscured cues to participants' medication condition. However, any such effect of SMT was insufficient to prevent neurologists from penetrating the medication blind in the AM + SMT group.
Trial participants failed to identify their overall medication condition at better than chance levels when they received concurrent SMT (55%; 45/82); moreover, participants in each of the SMT conditions appeared to remain blind, with only 58% (26/45) of participants in the AM + SMT group (χ 2 = 1.09, P = 0.30) and 51% (19/37) of participants in the PL + SMT group (χ 2 = 0.027, P = 0.87) correctly identifying their own treatment condition. Thus, participants receiving concurrent SMT, unlike participants receiving medication alone, appeared to be blind as to their medication condition.
Neurologists and trial participants again showed moderate agreement when identifying participants' treatment condition (κ = 0.36, P = 0.001).
Correlates of penetration of the blind in participants receiving concurrent SMT
Penetration of the blind by neurologists appeared to be related to neurologists' ratings of participant improvement, but not to side-effects (Table 3 ). Participants in the AM + SMT group whom neurologists (correctly) identified as receiving AM were rated more improved than participants who were (incorrectly) identified as receiving PL (P = 0.003). Conversely, participants in the PL + SMT group whom neurologists (correctly) identified as receiving PL were rated less improved than participants who were (incorrectly) identified as receiving AM (P = 0.005). Neurologists' side-effect ratings did not differ in any comparison.
Influence of concurrent SMT on concordance among outcome measures
All three measures of headache improvement (i.e. neurologists' ratings, participants' ratings and headache index) indicated that participants who received AM + SMT were significantly more improved than participants who received PL + SMT (see Table 4 ). Moreover, examination of confidence intervals indicates that the AM + SMT treatment effect was similar in magnitude when calculated from neurologists' ratings, participants' ratings or from daily diaries (headache index). The results for participants receiving concurrent SMT were thus consistent with results for the participants treated with medication only.
Discussion
For trial participants receiving medication alone neurologists successfully identified the medication condition for 82% (89% receiving active medication and 72% receiving placebo) of participants at month 3 of treatment. Even in participants receiving concurrent SMT, neurologists correctly identified the medication condition for 82% of participants receiving active medication, although they failed to identify participants receiving placebo at better than chance levels. Trial participants accurately identified their own medication condition when receiving active medication alone (77% of participants), but not when receiving placebo. However, when receiving concurrent SMT participants were unable to identify their medication condition at above chance levels, and thus appeared blind. Our findings for the two medication-only arms of the trial largely replicate those obtained in placebo-controlled trials of psychotropic medications for psychiatric disorders, where often 70% or more of trial participants and treating physicians or evaluators are observed to guess participants' medication condition correctly (6-8, 10, 13, 17-23) . Our results are also roughly comparable to findings from a recent trial of amitriptyline vs. 'active' (benztropine mesylate) placebo for spinal cord injury pain (16) . In that trial, 62% of trial participants (vs. 60% of participants in the present trial) correctly identified their medication condition and the medication condition of 74% of trial participants was also correctly identified by a research nurse (vs. the medication condition of 84% of participants being correctly identified by project neurologists in the present trial). However, penetration of the blind by the research nurse in the Turner et al. study is noteworthy because the use of an active placebo would be expected to limit the value of side-effects as an indicator of medication condition, and the absence of an amitriptyline treatment effect in the trial would be expected to limit the value of improvement as a cue to medication condition. However, with data from a single research nurse, the generalizability of this finding is uncertain. Taken together, the above studies suggest that penetration of the blind is commonplace, not only in controlled clinical trials in psychiatry, but also in headache and chronic pain trials. Clinical outcome appeared to be the primary correlate of penetration of the blind. Thus, both neurologists and trial participants appeared to 'guess' active medication when the participant improved and placebo when the participant was unimproved. For neurologists, but not trial participants, penetration of the blind in the placebo arm of the trial was also associated with side-effects. Thus, neurologists were more likely to identify placebo correctly when no side-effects were reported. However, the reverse was not true: the correct identification of trial participants on active medication was not associated with the presence of side-effects. Nonetheless, because side-effects are likely to be present early in treatment before improvement occurs, it is possible that neurologists were unblinded to placebo early in treatment, and thus in a position to bias subsequent evaluations, or differentially influence subsequent improvements in the placebo group. To determine the exact point at which penetration of the blind occurred, penetration of the blind would need to be assessed earlier and at multiple points during treatment. We chose not to do this out of fear that repeated questioning of neurologists and trial participants would, itself, influence penetration of the blind.
Concurrent SMT eliminated penetration of the medication blind by trial participants and reduced, but did not eliminate, penetration of the blind by neurologists. Thus, trial participants receiving concurrent SMT were unable to identify their medication condition at better than chance levels. However, even when participants were receiving concurrent SMT, neurologists still correctly identified participants receiving active medication (82% of participants), although they were now unable to identify participants receiving placebo at greater than chance levels. Results reported by Carroll and colleagues (21) appear consistent with our findings. Although the blindness of prescribing physicians was not assessed in the Carroll et al. study, blinded evaluators were less likely to identify correctly the medication condition (desipramine or placebo) of trial participants who were receiving concurrent psychological treatment (65% of participants) than trial participants who were receiving only a brief psychological control procedure (84% of participants).
It has been argued that penetration of the blind leads prodrug clinicians to bias evaluations of improvement, and thus clinical trial outcomes exhibit a prodrug bias when the blind is penetrated (11, (23) (24) (25) (26) (27) (28) (29) 43) . In this literature clinician evaluations have been considered biased if they yield more positive results than evaluations by trial participants (27, 30) , or if 'subjective' and 'objective' items from the same evaluation instrument appeared to be differentially associated with penetration of the blind (20, 21) . Unfortunately, there is no consensus that either of these measures enjoy special status as outcome measures and thus are appropriate criterion measures for assessing bias (11, 12) . In contrast, there is consensus, clearly embodied in guidelines for clinical trials in headache, that mandates contemporaneous daily diaries for clinical trials (40) (41) (42) 44) . We thus chose daily diary data as our criterion measure, although, as we discuss below, daily diary data are not without their limitations. Despite unblinding of both neurologists and trial participants in the medication arms of the trial, we found that clinician evaluations, reports by trial participants and daily diary data yielded identical conclusions about treatment effects. Our results thus gave no indication that either clinician evaluations or trial participant reports exhibited either a pro-or antidrug bias when daily headache diaries were used as the criterion measure.
Several significant limitations of this study should be kept in mind in interpreting these findings. First, discrepancies between clinician evaluations or trial participant reports and daily diary data can be due to factors other than bias. For example, memory processes that lead to an overestimation of the severity of pain (45) may distort retrospective assessments by both clinicians and trial participants. It is therefore at least theoretically possible that clinical evaluations and participant reports were influenced by a prodrug bias, but that all the other factors that can produce a discrepancy between retrospective and daily diary assessments combined precisely so as to offset any sign of this bias. The possibility that penetration of the blind influenced actual headache activity or the recording of headaches in a prodrug fashion also cannot be ruled out in the absence of a truly objective measure of headache activity. Despite these limitations, we would argue that our diary data provide at least as strong a criterion measure as the retrospective clinician ratings and retrospective participant reports used as criterion measures for assessing bias in previous studies.
Our findings are also qualified by at least three other study limitations. Relationships between penetration of the blind, improvement and side-effects cannot be interpreted as causal relationships because these variables were assessed at the same time point. Cell sizes were small (<10) and thus statistical power was low for some comparisons involving incorrectly classified participants, because neurologists and trial participants correctly classified the treatment condition for over 80% of participants in some treatment conditions. Both the present trial and the trial by Turner and colleagues evaluated amitriptyline HCl, so results could well differ in headache trials that evaluate other classes of drugs.
The standard practice of assessing penetration of the blind by asking clinician evaluators and trial participants to 'guess' the participant's treatment condition may overestimate actual penetration of the blind. Even when blind to treatment condition, an evaluator who adopts the strategy of guessing active medication for improved, and placebo for unimproved participants, will appear unblinded if blindness is assessed following improvement in a positive trial (46) . An examination of neurologists' perceptions of the blindness assessment also suggests the standard procedure for assessing blindness may overestimate penetration of the blind. Thus one study neurologist (F.J.O.) noted that he makes a concerted effort not to think about participants' treatment condition when participating in clinical trials, so the blindness assessment itself disrupted his strategy for remaining blind. These problems argue for improved methods of assessing blindness.
If blindness is to be assessed early and frequently in a trial, so it can be determined if unblinding occurs prior to, or subsequent to improvement, unobtrusive assessment procedures (47) will be needed that can be administered repeatedly without the assessment itself disturbing the blind. If existing procedures for assessing blindness are retained, the assessment of clinical evaluators' and trial participants' confidence in their guess may provide additional useful information: even when two evaluators both correctly guess the treatment condition of a trial participant, the evaluator who is confident they have broken the blind may present more of a threat to the internal validity of the trial than the evaluator who lacks confidence, and is thus truly just guessing. Recent statistical efforts to combine 'guesses' including 'don't know' responses into a blindness index with a known statistical distribution (48, 49) , thereby allowing a more precise test of blindness, are also a step forward. However, these measures suffer from the limitation of data provided by 'guesses' and might be improved by incorporating information from confidence ratings.
Because daily diary data are mandated as the primary outcome measure in clinical trials in headache (40) (41) (42) 44) , it might be argued that claims that clinician evaluations or trial participant reports exhibit a prodrug bias are irrelevant to current clinical trials. However, collection of daily diary data may not be feasible in effectiveness studies and health services research (50) where clinician evaluations or trial participant reports may provide the only available outcome measure (e.g. (51, 52) ). It is thus important to identify the conditions that lead clinician evaluations and participant reports to be concordant with diary recordings in some trials (53, 54) and discordant with diary recordings in other trials (38, 55, 56) , as well as to continue to assess the construct validity of daily diary data (e.g. (38) ).
In summary, our findings are consistent with studies conducted in psychiatry indicating unblinding occurs frequently in placebo-controlled trials of drug therapies. They further suggest this problem is reduced but not eliminated in trials evaluating combined psychological and drug therapies. These findings suggest that the integrity of the blind in future trials in headache needs to be evaluated rather than assumed. This will require improved methods of assessing and quantifying blindness. However, penetration of the blind does not automatically imply clinician evaluators exhibit a prodrug bias, as some have implied. Despite unblinding, we found no indication that clinician evaluations or reports by trial participants exhibited either a pro-or antidrug bias, at least when daily diary recordings were used as the criterion measure.
